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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an apparatus and 
method for reducing the likelihood of development of 
restenosis after an arterial intervention and, more par- 
ticularly, to a hollow guide wire for delivery of a radioac- 
tive source to the site of the lesion following, or during, 
an intravascular procedure such as percutaneous trans- 
luminal coronary angioplasty (PTCA). 

Description of the Prior Art 

In PTCA procedures, a guiding catheter having a 
pre-shaped distal tip is introduced percutaneously into 
the cardiovascular system of a patient and advanced 
therein until the pre-shaped distal tip is disposed within 
the aorta, adjacent to the ostium of the desired coronary 
artery. The guiding catheter is twisted or torqued from 
the proximal end to tum the distal tip of the guiding cath- 
eter so that it can be guided into the coronary ostium. In 
an over-the-wire dilatation catheter system, a dilatation 
catheter having a balloon on its distal end and a guide 
wire slidably disposed within an inner lumen of the dila- 
tation catheter are introduced into and advanced 
through the guiding catheter to its distal tip. The distal 
tip of the guide wire usually Is manually shaped (i.e. , 
curved) before the guide wire is introduced into the guid- 
ing catheter along with the dilatation catheter. The guide 
wire usually is first advanced out the distal tip of the guid- 
ing catheter, into the patient's coronary artery, and 
torque is applied to the proximal end of the guide wire, 
which extends out of the patient, to guide the curved or 
otherwise shaped distal end of the guide wire as the 
guide wire is advanced within the coronary anatomy un- 
til the distal end of the guide wire enters the desired ar- 
tery. The advancement of the guide wire within the se- 
lected artery continues until its distal end crosses the 
lesion to be dilated. The dilatation catheter then is ad- 
vanced out of the distal tip of the guiding catheter, over 
the previously advanced guide wire, until the balloon on 
the distal extremity of the dilatation catheter is properly 
positioned across the lesion. Once properly positioned, 
the dilatation balloon is inflated toa pre-determined size 
(preferably the same as the normal inner diameter of the 
artery at that particular location) with radiopaque liquid 
at relatively high pressures (e.g. . 4.052 to 12.16 bars 
(4-1 2 atmospheres)) to dilate the stenosed region of the 
diseased artery. The balloon then is deflated so that the 
dilatation catheter can be removed from the dilated ste- 
nosis and blood flow can resume through the dilated ar- 
tery. 

A rapid-exchange catheter has a relatively short 
guide wire-receiving sleeve or Inner lumen (sometimes 
referred to as the Vair) which extends a short distance 



through the distal portion of the catheter body. This inner 
lumen preferably extends approximately 1 0 cm. and typ- 
ically about 30 to 40 cm. from a first guide wire port at 
the distal end of the catheter to a second side guide wire 
port located on the catheter body. In some catheters the 
rail can be much smaller than 10 cm. especially when 
the side guide wire port is located distal to the inflation 
balloon. The catheter can be advanced within the pa- 
tient's vascular system in much the same fashion as de- 
scribed above, as the short, guide wire lumen of the 
catheter slides along the length of the guide wire. Alter- 
natively the guide wire first may be advanced within the 
patient's vasculature until the distal end of the guide wire 
extends distally to the stenosis with the catheter then 
being mounted onto the proximal end of the in-place 
guide wire and advanced over the guide wire until the 
balloon portion is positioned across the stenosis. This 
particular structure allows for the rapid-exchange of the 
catheter, usually without the need for an exchange wire 
or adding a guide wire extension to the proximal end of 
the guide wire. Other over-the-wire or rapid-exchange 
catheters also can be designed to utilize therapeutic or 
diagnostic means in place of the balloon in the descrip- 
tion above. 

Several notable improvements recently have been 
made in balloon angioplasty catheters. One such im- 
provement is described in U.S. Pat. No. 4.748,982 
(Horzewski et al.) wherein a short sleeve or inner lumen 
at least about 1 0 cm in length is provided within the distal 
section of the catheter body which extends from a first 
port proximal to the balloon to a second port in the distal 
end of the guide wire and which is adapted to slidably 
receive a guide wire. The proximal port is not less than 
about 10 cm and not more than about 40 cm from the 
distal end of the catheter. Preferably, a slit is provided 
in the catheter body extending from the proximal port to 
a location proximal to the proximal end of the balloon to 
facilitate the rapid removal of the catheter from the prox- 
imal end of the guide wire which extends out of the pa- 
tient. 

Another improvement, which was introduced into 
the market place by Advanced Cardiovascular Systems, 
Inc., has been perfusion-type dilatation catheters which 
allow for long term dilatations to repair arterial dissec- 
tions and other arterial damage. These perfusion cath- 
eters have a plurality of perfusion ports, in the wall form- 
ing at least part of the catheter body proximal to the bal- 
loon, which are in fluid communication with an inner lu- 
men extending to the distal end of the catheter body A 
plurality of perfusion ports preferably are provided in the 
catheter body distal to the balloon which also are in fluid 
communication with the inner lumen extending to the 
distal end of the catheter body. When the balloon on the 
distal extremity of the dilatation catheter is inflated to 
dilate a stenosis, oxygenated blood in the artery or other 
vessel (depending upon the location of the dilatation 
catheter within the coronary anatomy) passes through 
the proximal perfusion ports, through the inner lumen of 
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the catheter body and out of the distal perfusion ports. 
This provides oxygenated blood downstream from the 
inflated balloon to thereby prevent or minimize ischemic 
conditions in the tissue distal to the catheter to thereby 
facilitate long-term dilatations. As is appreciated by 
those skilled in the art, tissue distal to a stenosis fre- 
quently is in jeopardy even before a dilatation procedure 
is commenced, due to pre-existing ischemic conditions. 
As a result, care should be exercised in sizing the per- 
fusion ports and the inner lumen to ensure that there is 
adequate flow of oxygenated blood to the tissue distal 
of to the catheter, to eliminate or minimize ischemic con- 
ditions. Unfortunately, commercially available perfusion 
catheters have relatively large profiles, owing to the size 
of the inner tubular member which extends through the 
interior of the balloon. This prevents use of such cathe- 
ters in many distal coronary locations with small diam- 
eter lumens. 

A major and continual thrust of development work 
in the field of intravascular catheters, and particularly as 
to coronary angioplasty catheters, has been to reduce 
the profile, L^, the transverse dimensions, of such cath- 
eters and to improve the flexibility thereof without detri- 
mentally affecting the "pushability" characteristic of the 
catheters, particularly in the distal portion of the devices. 
A reduction in profile with little or no loss in pushability 
allows a dilatation catheter to be advanced much further 
into a patient's coronary vasculature and to cross much 
tighter lesions. 

The guide wires employed in coronary angioplasty 
are of relatively small diameter because of the relatively 
small size of both the blood vessels and the luminal 
openings of the dilatation catheters which pass over the 
guide wires. To facilitate steering or placement within the 
cardiovascular system, a guide wire should be both rel- 
atively flexible toward its distal end and relatively rigid 
from a torsional standpoint over its entire length (Le,, it 
should posses "pushability" and "torqueability"). These 
two desirable properties are somewhat inconsistent with 
one another and therefore can be difficult to achieve in 
practice. 

While guide wires designed for coronary angi- 
oplasty, at least in theory, also can be employed in the 
peripheral organs such as the arms and the legs, these 
guide wires may not have sufficient torsional rigidity for 
use in such applications. In addition, it is difficult to track 
a catheter with a relatively large luminal opening over a 
guide wire of relatively small diameter to a desired loca- 
tion. Ideally, the guide wire should fit closely within the 
luminal opening but still loosely enough to permit the 
catheter to move freely along the wire. 

Further details of guiding catheters, dilatation cath- 
eters, guide wires, and other devices for angioplasty and 
other procedures can be found in U.S. Patent No. 
4,323,071 (Simpson-Robert); U.S. Patent No. 
4,439,185 (Lindquist); U.S. Patent No. 4.468,224 (Enz- 
mann et al.): U.S. Patent No. 4,516,972 (Samson); U. 
S. Patent No. 4,438,622 (Samson et aL): U.S. Patent 



No. 4.554.929 (Samson et aL): U.S. Patent No. 
4,582.185 (Samson); U.S. Patent No. 4,616.652 (Simp- 
son): U.S. Patent No. 4,638,805 (Powell); U.S. Patent 
No. 4,748.986 (Morrison et al.); U.S. Patent No. 

5 4.898,577 (Badger et al.): and U.S. Patent No. 
4,827,943 (Taylor etal.). 

A common problem that sometimes occurs after an 
angioplasty procedure has been performed is the devel- 
opment of restenosis at or near the original site of the 

10 stenosis. When restenosis occurs, a second angi- 
oplasty procedure or even bypass surgery may be re- 
quired, depending upon the degree of restenosis. Cur- 
rently, it is estimated that approximately one third of the 
patients who undergo PTCA procedures develop reste- 

15 nosis within six months. In order to prevent this occur- 
rence and thus obviate the need to perform bypass sur- 
gery or subsequent angioplasty procedures, various de- 
vices and procedures have been developed for reducing 
the likelihood of development of restenosis after an ar- 

20 terial intervention. For example, an expandable tube 
(commonly referred to as a "stent"), designed for long- 
term Implantation within the body lumen, has been used 
to help prevent restenosis. By way of example, several 
stent devices and stent delivery systems can be found 

25 in commonly assigned and commonly owned U.S. Pat- 
ent No. 5,158,548 (Lau et al.); U.S. Patent No. 
5.242,399 (Lau et al.); U.S. Patent No. 5.344.426 (Lau 
et aL): U.S. Patent No. 5,421 .955 (Lau et aL); U.S. Pat- 
ent No. 5.514.154 (Lau et aL); U.S. Patent No. 

30 5,569,295 (Lam); and U.S. Patent No, 5,360.401 (Tum- 
lund et al.). 

More recent devices and procedures for preventing 
restenosis after arterial intervention employ a radiation 
source to minimize or destroy proliferating cells. Such 

35 proliferating cells are thought to be a major factor in res- 
tenosis development. Balloon catheters have been sug- 
gested as a means to deliver and to maintain the radia- 
tion source in the area at which arterial intervention has 
taken place, thereby exposing the area to a sufficient 

40 radiation dose to abate cell proliferation. Two such de- 
vices and methods are described in U.S. Patent No. 
5,302,168 (Hess) and U.S. Patent No. 5,503,61 3 (Wein- 
berger). Other devices and methods which utilize radi- 
ation treatment delivered by an intravascular catheter 

45 are disclosed in commonly assigned and commonly 
owned copending U.S. Serial No. 08/654,698, filed May 
29, 1996. entitled Radiation-Emitting Flow-Through 
Temporary Stent. 

Another medical device for the treatment of a body 

50 lumen by radiation is disclosed in European Patent Ap- 
plication No. 0 688 580 A1 (Schneider). In the Schneider 
device, the balloon catheter Includes a lumen that ex- 
tends from a proximal opening to an area near the distal 
end of the catheter, where it dead ends. This lumen. 

55 known as a "blind" or "dead end" lumen, is Intended to 
carry a radioactive-tipped source wire that slides into 
the lumen, once the catheter is in place In the artery or 
body lumen. When the source wire is positioned, the ra- 
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dioactive section at the distal tip lies near the dead end 
to provide radiation to the body lumen. 

Another procedure used to deliver a radiation 
source to a vessel is disclosed in U.S. Patent No. 
5,503,61 3 (Weinberger), wherein a catheter is provided s 
with two inner lumens. One lumen accepts a guide wire 
for sliding into the body lumen. The other lumen is a blind 
lumen and receives a radiation dose delivery wire ma- 
nipulated remotely by a computer controlled afterloader 
After the catheter has been positioned so that its distal 
end lies just distally of the stenosed area, the radiation 
dose delivery wire is inserted into the open end of the 
blind lumen and advanced to the dead end, where it de- 
livers a radiation dose to the affected tissue. This meth- 
od requires using a catheter with a rather large cross- 75 
section, J^, a cross-section that is sufficient to accom- 
modate both lumens, which can complicate the insertion 
of the catheter in narrow, tortuous arteries. Another 
method avoids this problem by using an over-the-wire 
catheter to treat the stenosed region, and then with- 20 
drawing the guide wire and inserting the radiation dose 
delivery wire in its place. Unfortunately, with this latter 
device, the radiation source wire will be exposed to the 
blood, requiring sterilization if reuse is contemplated, or 
disposal after one use, which increases the cost asso- 25 
elated with the procedure and further can increase the 
quantity of radioactive waste as to which stringent dis- 
posal requirements apply. 

The use of nuclear radiation to prevent restenosis 
represents a significant improvement in the safety and 30 
success rate of PTCA and percutaneous transluminal 
angioplasty (PTA) procedures. However, a few attend- 
ant factors give rise to special considerations that must 
be addressed to successfully employ this method, in 
particular, withdrawing the guide wire is disfavored by 3S 
physicians because it results in a more complex and 
lengthy procedure, thereby increasing the risk of com- 
plications. Further, if the radiation source delivery wire 
comes in direct contact with the patient's blood, it poses 
the risk of blood contamination. Thus such a direct con- 40 
tact wire must be sterilized before it is retracted into the 
afterioaderand used on another patient. In addition, the 
salts and other chemical compounds found in blood may 
adversely impact the radiation source delivery wire and 
shorten its useful life. 

Another consideration uniquely implicated in intra- 
luminal radiation therapy is that the radiation source 
must be located centrally within the body lumen being 
treated to assure uniform delivery of the radiation dose 
to the entire target area. Typically, the radioactive sourc- so 
es employed are gamma ray emitters, and point-source 
gamma rays attenuate inversely with the square of the 
distance traveled. If the radiation dose delivery wire lies 
closer to one side of the lumen than to another or at an 
angle to the lumen, the radiation dose delivered will be 55 
non-uniform along the entire length of the target area 
and some areas thus likely will receive appreciably larg- 
er doses than others. Precise spatial alignment of the 



radiation dose delivery wire is difficult to achieve in prac- 
tice. Although this problem is not encountered when the 
radiation source is embedded in the tip of the catheter, 
which tip usually becomes centered within the lumen 
when the balloon is inflated, the use of catheters to de- 
liver the radiation dose can result in excessive radiation 
doses being delivered to the body lumens which lead to 
the stenosed area because the catheter typically must 
remain in place in the lumen longer than other means 
of site-specific radiation delivery. Inserting and with- 
drawing catheters repeatedly can cause additional dam- 
age to the vascular tissue owing to the relatively large 
cross -sect ion of the catheters. 

Despite many advances in the field, there remains 
a need for an apparatus that will minimize the time re- 
quired to accurately deliver a radiation source to a body 
lumen following an intravascular intervention such as 
PTCA and that will prevent or minimize the exposure of 
the radioactive source material to the blood stream. 
Such a device ideally will combine the best features of 
both catheters and radiation source delivery wires into 
one novel and effective package that further will en- 
hance the safety and success rate of intravascular pro- 
cedures. 

SUMMARY OF THE INVENTION 

Certain preferred embodiments of the present in- 
vention provide an apparatus and method of treating a 
body lumen, such as a coronary artery or other artery 
or vein, with radiation to reduce the likelihood of the de- 
velopment of restenosis. In these embodiments, a guide 
wire is provided which is adapted to receive a radiation 
source for delivery to a target area in the body lumen. 
Typically, the radiation source will be delivered through 
a lumen in the guide wire to irradiate the target area. 
The term "target area" as used herein means that por- 
tion of a body lumen which is to receive a radiation dose. 
In one embodiment there is provided a hollow guide wire 
having proximal and distal ends, a radiation source lu- 
men extending from the proximal end to a point proxi- 
mate the distal end, and a solid core portion at the distal 
end. A flexible tip may be secured to the solid core por- 
tion to facilitate inserting and navigating the guide wire 
through tortuous body lumens. The radiation source lu- 
men is adapted to concentrically and slidably receive a 
radiation source delivery wire, and the solid core portion 
defines the maximum distance the radiation source wire 
can be inserted into the radiation source lumen. Radio- 
paque markers may be provided on the outer surface of 
the hollow guide wire to assist in the precise positioning 
of the solid core portion and to insure accurate position- 
ing of the radiation source wire relative to the target ar- 
ea. 

In another embodiment there is provided an assem- 
bly for delivering the radiation source within a body lu- 
men to the target area. The hollow guide wire having the 
radiation source lumen extending from the proximal end 
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of the guide wire through to a point proximal to the distal 
end has a solid core portion proximate the distal end. A 
catheter is provided having a guide wire lumen which 
extends through at least a portion of the guide wire, the 
guide wire lumen being sized for receiving the guide s 
wire. The guide wire lumen will extend through the cath- 
eter for over-the-wire applications, and will extend from 
a side port on the outer surface of the catheter through 
the distal end in rapid-exchange catheter applications. 
An expandable member, such as a dilatation balloon, is io 
associated with the distal end of the catheter for center- 
ing the guide wire within the body lumen, such as a cor- 
onary artery. A radiation source, such as a radiation 
source wire, is received in the radiation source lumen, 
and the radioactive portion of the radiation source wire is 
is positioned proximate the distal end of the guide wire 
with the solid core portion of the guide wire defining the 
distal-most extent to which the radiation source can be 
advanced. The radiation source should be positioned 
within the radiation source lumen concentric with the 20 
balloon portion of the catheter, which is positioned at the 
target area, to deliver the radiation dose. 

The method for irradiating the target area includes 
the assembly described for delivering a radiation dose 
within the body lumen. The guide wire is advanced with- 25 
in the body lumen such that the tip of the guide wire is 
advanced distally of the target area. The catheter is ad- 
vanced over the guide wire so that the expandable 
member or balloon is positioned within the target area, 
so that the balloon portion of the catheter can be inflated 30 
into contact with the target area, thereby centering the 
guide wire and radiation source lumen within the target 
area. The radiation source, such as a radiation source 
wire, is advanced within the radiation source lumen of 
the guide wire so that a radioactive isotope can be po- 35 
sitioned within the target area, to deliver a radiation dose 
thereto. After treatment, the radiation source is with- 
drawn from the radiation source lumen, the balloon por- 
tion of the catheter is deflated and the catheter is with- 
drawn from the body lumen as well as the guide wire. 40 

In either an over-the-wire or rapid-exchange cathe- 
ter application, it is contemplated that perfusion holes 
proximal and distal to the balloon portion of the catheters 
will be provided to pertuse blood during the irradiating 
process. 

The radiation therapy can be provided either during 
a PTCA or PTA procedure, or immediately thereafter. 
While it is contemplated that the target area can be ir- 
radiated prior to a dilatation procedure, such is not cur- 
rently the preferred sequence. Preferably, after a dilata- 50 
tion procedure such as a PTCA or PTA procedure is 
completed, and without withdrawing either the dilatation 
catheter or the guide wire, the irradiation procedure is 
accomplished as described. 

Other features and advantages of the invention will 55 
become apparent from the following detailed descrip- 
tion, taken in conjunction with the accompanying draw- 
ings, which illustrate, by way of example, the features 



of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a longitudinal cross-sectional view of 
a tubular guide wire and a position of the radiation 
source delivery wire embodying features of the present 
invention. 

FIG. 2 is an elevational view, partially in section, il- 
lustrating a rapid-exchange catheter receiving the tubu- 
lar guide wire shown in FIG. 1. 

FIG. 3 is an elevational view, partially in section, il- 
lustrating an over-the-wire catheter receiving the tubular 
guide wire and the radiation source wire Inserted within 
the guide wire. 

FIG. 4 is an elevational view, partially in section, il- 
lustrating the rapid-exchange catheter and guide wire of 
FIG. 2, where the guide wire has received the radiation 
source wire. 

FIG. 5 is an enlargedcross-sectional view of the dis- 
tal end of the catheter, illustrating the guide wire and the 
radiation source wire positioned at the target area to ir- 
radiate the area. 

FIG. 6 is a cross-sectional view of a guide wire em- 
bodying the Invention in which at least a portion of the 
distal end of the guide wire is formed of a radiation trans- 
parent material such as a polymer. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Intravascular procedures such as percutaneous 
transluminal coronary angioplasty (PTCA) or percuta- 
neous transluminal angioplasty (PTA) sometimes result 
in development of restenosis in the treated or target ar- 
ea. A promising new technology that has been used suc- 
cessfully to prevent development of restenosis delivers 
a pre-selected dose of nuclear radiation to the target ar- 
ea during or immediately following the angioplasty pro- 
cedure. The radiation dose usually is delivered via a wire 
which incorporates a radioactive source material- The 
wire is inserted into the catheter used to treat the sten- 
osed area. This procedure requires that the guide wire 
first be withdrawn from the catheter to permit insertion 
of the radiation dose delivery wire in the guide wire lu- 
men in the catheter, or that the catheter incorporate an 
additional lumen that receives the radiation dose deliv- 
ery wire. The latter dual-lumen catheters, however, have 
higher profiles which are undesirable. 

Certain preferred embodiments of the present in- 
vention obviate the need for a dual-lumen catheter and 
also makes it unnecessary to remove the guide wire pri- 
or to radiation treatment by providing, generally, a tubu- 
lar guide wire 25 formed with a radiation source lumen 
26 extending through a portion of the guide wire. The 
guide wire 25 has an opening at a proximal end 27 there- 
of for slidably receiving a radiation source wire 50, and 
formed at distal end 29 of the guide wire 25 is a flexible 
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tip 31 useful in navigating tortuous vessels. 

Referring to FIG. 1, the guide wire 25 may be 
formed from any high tensiie strength material such as 
stainless steel, titanium, or a suitable superelastic nick- 
el-titanium (NiTl) alloy, and may be formed by methods s 
such as multiple extrusion of a tube through repeatedly 
smaller dies until the desired dimensions are achieved. 
It is important that the guide wire thus formed provide 
the critical characteristics of "pushability" and "torquea- 
bility" which allow it to be pushed along the tortuous 
paths defined by the body lumens into which it is intro- 
duced. 

If the guide wire is fomned from NiTi, the preferred 
superelastic alloy has a final austenite transformation 
temperature (Af) of less than about 40*C and contains 
about 32 percent to about 52 percent titanium with the 
balance of the composition being nickel, and up to 10 
percent of additional alloying elements. A nickel content 
in excess of 50 percent causes brittleness and prevents 
effective cold working. The additional alloying elements 
may include iron, cobalt, chromium, platinum, palladi- 
um, tungsten, vanadium, copper and beryllium. 

Altematively, the guide wire 25 may be constructed 
of polymer or composite distal portion which is secured 
to a metal alloy proximal portion by any suitable method 
such as by welding, brazing, or the use of epoxies. Such 
construction would provide the desirable "pushability" 
and "torqueability" characteristics of metal over the ma- 
jority of the length of the guide wire, but would offer the 
flexibility inherent with polymers at the distal extremity 
of the guide wire, thereby facilitating the insertion and 
positioning of the guide wire within the patient's vascular 
system. 

A suitable outer diameter for the guide wire 25 is in 
the range of 0.203 to 0.81 3 mm (0.008 to 0.032 in.) and 
preferably of approximately 0.356 mm (0.014 in.). A 
guide wire with a 0.356 mm (0.014 in.) outer diameter 
is compatible with most dilatation catheters presently on 
the market. The guide wire 25 shown in FIG. 1 has a 
constant outer diameter along its entire length, but it will 
be understood by those skilled in the art that the guide 
wire 25 also may be formed so as to exhibit a tapered 
configuration which has a larger outer diameter at the 
proximal end 27 and a smaller diameter at the distal end 
29. The overall length of the guide wire 25 can be in the 
range of 50 to 250 cm, and for coronary applications 
preferably is approximately 175 cm long. The guide wire 
also may be provided with a radiation shielding means 
if the radioactive source material to be used so warrants. 
The radiation shield may be comprised of a flexible met- 
al covering (not shown) which encases the guide wire 
25 to a point near the solid distal end, thereby defining 
a short window through which radiation can emit forth 
into the surrounding tissue. Such a metal covering may 
be of tubular construction or, alternatively, may com- 
prise of a coating around the guide wire. 

Altematively, a guide wire constructed of two mate- 
rials, as will be described herein, could obviate the need 



for a separate radiation shield, and the metal alloy por- 
tion of the guide wire could be formed of sufficient thick- 
ness to act as a radiation shield while the distal polymer 
portion would provide a window through which the emit- 
ted radiation can penetrate. 

The Inner diameter of the guide wire 25, namely, the 
radiation source lumen 26, will vary depending upon the 
intended application and the degree of flexibility re- 
quired, as well as on the outer diameter of the guide wire 
25. It is well known that the section modulus of a tube, 
a measure of the capacity of a section of the tube to 
resist any bending moment applied to it, decreases with 
the thickness of the tube wall. A guide wire inner lumen 
diameter to outer diameter ratio of 0.32, for example, 
will result In a decrease in the section modulus of ap- 
proximately one percent as compared to a solid tube, 
for example of the type used for conventional guide 
wires for use in PTCA and PTA procedures. The section 
modulus of a tube having a solid core varies with the 
cube of its diameter, and for this reason a larger diam- 
eter tubular guide wire can be formed with a larger lu- 
men and yet provide the same section modulus as a 
smaller guide wire having a smaller lumen. In a pre- 
ferred embodiment, the guide wire 25 has an outer di- 
ameter of 0.356 mm (0.01 4 in.) and the radiation source 
lumen 26 has a diameter that preferably is in the range 
of about 0.254 to 0.114 cm (010 to 0.0045 in.) 

The guide wire has a solid core portion 30 at the 
distal end 29 of the guide wire, which may be formed 
contiguous with the hollow portion (Le., radiation source 
lumen 26) of the guide wire during the extrusion proc- 
ess, or which may be attached to the hollow portion by 
any secure means such as by welding, brazing, or the 
use of an epoxy. The method used should achieve a 
bond with a section modulus substantially equal to the 
section modulus of the guide wire hollow portion in order 
to prevent separation of the solid core portion 30 while 
the guide wire is in the patient. The solid core portion 
includes a flexible tip 31 , to aid navigating the guide wire 
through tortuous body lumens. The flexible tip 31 may 
be attached to the solid portion by any suitable method 
or may be formed from the same core element such as 
by centerless grinding. One or more radiopaque mark- 
ers 42 may be provided on the guide wire 25 to allow 
the physician to see the position of the guide wire distal 
end 29 on a fluoroscope. Alternatively, a section of the 
solid core portion 30 may be formed from a radiopaque 
material such as gold. 

The proximal end 27 of the guide wire 25 may be 
provided with a fastening mechanism 33, such as a 
threaded fastener or similar mechanism for connecting 
the guide wire 25 to a computer controlled afterloader 
(not shown). The fastening mechanism 33 preferably 
will be both air-tight and fluid-tight, and therefore will be 
suited for use with any of solid, liquid or gaseous radio- 
active sources. The fastening mechanism 33 also 
should be rotatably mounted to the guide wire, so that 
the circular position of the guide wire can be adjusted 
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as necessary, even after the guide wire has been con- 
nected to the afterloader. Alternatively, the fastening 
mechanism may be spring-loaded, or a combination 
threaded/spring loaded assembly. 

In operation, the guide wire 25 is inserted into the 
patient's vascular system much in the same manner that 
conventional guide wires are inserted when used in PI- 
CA or PTA procedures. The flexible tip 31 at the distal 
end 29 can be shaped manually by the physician into a 
desired configuration prior to insertion into the body lu- 
men. The specially-shaped flexible tip 31 facilitates in- 
serting and navigating of the guide wire 25 through the 
body lumen, and the radiopaque markers 42 allow the 
physician to track the location of the guide wire on a 
fluoroscope. 

In conjunction with the guide wire, the preferred 
method of use is described. Referring to FIGS. 2, and 
4-5, the guide wire 25 is advanced in an artery 34 until 
the distal end 29 is located just past the stenosed area, 
as is known in the art. The dilatation catheter 40 is ad- 
vanced distalty over the guide wire 25 until the inflatable 
balloon 41 of the catheter is positioned across the sten- 
osed or target area 35. A radiopaque marker 42 usually 
is provided on the catheter at the midpoint of the inflat- 
able balloon to aid the physician in tracking the progress 
of the catheter within the body lumen and in positioning 
the balloon within the target area 35. The dilatation cath- 
eter 40 includes a guide wire lumen 43, which is sized 
to slidably receive the guide wire 25 and to maintain it 
in a coaxial relationship with the catheter. The guide wire 
lumen 43 preferably is 0.0254 to 0.051 mm (0.001 to 
0.002 in.) larger than the outer diameter of the guide 
wire. Thus, In a preferred embodiment, the guide wire 
25 has an outer diameter of 36 mm (.014 in.), and the 
guide wire lumen 43 preferably has an inner diameter 
of about 0.381 to 0.406 mm (.015 to .016 in.) 

The dilatation catheter 40 next is used to treat the 
stenosis by inflating the balloon 41 with a radiopaque 
liquid for a selected period of time. The catheter 40, 
shown in FIG. 2, is a rapid-exchange catheter generally 
known in the art and has a plurality of perfusion ports 
44, 45. It will be understood by those skilled in the art, 
however, that the guide wire works equally well with all 
other types of catheters, including over-the-wire-type 
catheters. Thus, as is shown in FIG. 3, the guide wire is 
used with an over-the-wire catheter 40 also having the 
capacity for perfusion. (Similar or like devices herein are 
referred to with the same reference numerals in the 
drawing figures.) The guide wire is uniquely well adapt- 
ed for use with perfusion-type catheters, because the 
guide wire allows the radioactive source to be inserted 
into the patient without exposure to the patient's blood 
stream, thereby eliminating the risk of contaminating the 
blood stream or the wire. In extreme cases, exposing 
the radiation source material to the blood of the patient 
may contaminate the blood and cause further complica- 
tions for the patient. Therefore, it is highly desirable to 
isolate the blood stream from the radiation source while 



allowing blood flow through the body lumen being treat- 
ed, two previously incompatible goats which is now 
achievable by the described embodiment. 

Referring to FIGS. 1 -5, following dilation of the sten- 

5 osed area 35, a radiation source, such as a wire 50 hav- 
ing a radioactive source material 51 formed in a distal 
end 52 thereof, is inserted into the proximal end 27 of 
the radiation source lumen 26 and is advanced through 
the lumen, adjacent to the solid core portion 30 of the 

10 guide wire 25. The solid core 30 limits the extent to which 
the radiation source wire 50 can be advanced distally 
into the guide wire 25 through the radiation source lu- 
men 26, and because the solid core portion 30 previ- 
ously has been precisely located by the physician within 

75 the patient's artery by monitoring the location of the ra- 
diopaque markers 42 on a fluoroscope. the physician 
now can determine with certainty the location of the ra- 
dioactive source material 51 within the patient's body 
lumen. 

20 The inflated balloon 44 pushes evenly against the 
walls of the artery and thus serves to center the catheter 
40 within the artery 34. and thereby also centers the 
guide wire 25, and the radioactive source material 51 
within it. If the radiation source is in the form of a wire 

2S 50, it should be of a suitable diameter to be slidably re- 
ceived and coaxially situated in the radiation source lu- 
men 26, and preferably is about 0.0254 to 0.051 mm 
(0.001 to 0.002 in.) smaller than the diameter of radia- 
tion source lumen 26. This is an important consideration 

30 in order to ensure that the radioactive source material 
51 is centered within the body lumen so that the entire 
target area 35 receives an equal dose of radiation. 

In oncological procedures, radiation wires typically 
are inserted and advanced in the patient by a computer- 

55 controlled afterloader. and the guide wire of the present . 
invention is especially well suited for use with an after- 
loader. The proximal end 27 of the guide wire 25, for 
instance, may be formed with a fastener 33 adapted for 
connection to the afterloader (not shown), thereby al- 

40 lowing completely hands-free insertion of the radiation 
source wire 50. Using an afterloader also would allow 
precise positioning of the radiation source wire 50, be- 
cause the guide wire 25 is of a known length and the 
afterloader computer thus can calculate the precise dis- 

45 tance to which the radiation source wire must be ad- 
vanced in order to position the radioactive source ma- 
terial 51 at the target area 35. 

The hollow guide wire 25 allows delivery of the ra- 
diation dose immediately following or, indeed, even dur- 

50 ing the PTCA or PTA procedure. Conventional guide 
wires typically must be removed to make room to insert 
a radiation source wire, or alternatively an additional lu- 
men must be provided in the catheter to receive the ra- 
diation source wire, which additional lumen would in- 

55 crease the catheter profile. The task of exchanging 
wires is time consuming and may cause further compli- 
cations, especially if a perfusion-type catheter is not be- 
ing used and normal blood flow through the patient's ar- 
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teries is compromised tor a long period, thus depriving 
the tissue distal of the catheter of an adequately oxy- 
genated blood supply, resulting in ischemia. Further, in- 
serting and removing guide wires repeatedly increases 
the risk of traumatically engaging a vessel wall and, 
when a perf usion-type catheter is used, the risk of inad- 
vertently passing one of the wires through a perfusion 
port also is increased. Therefore, it is desirable to min- 
imize the movement of the guide wire after it properly 
has been positioned at the target area, as can be 
achieved through use of the guide wire of the present 
invention. A system tike the one described having a sin- 
gle lumen to carry both the guide wire and the radiation 
source material also is beneficial insofar as the expense 
and complications associated with manuf actu ring a mul- 
tiple lumen catheter are avoided. From a procedural per- 
spective, such a single lumen construction also is ad- 
vantageous as compared to a multi-lumen construct be- 
cause generally speaking, the greater is the number of 
catheter lumens, the greater is the overall catheter outer 
diameter, and the greater the outer diameter the greater 
is the profile and the stiffness of the system. The stiffer 
the system, the greater the resistance that is encoun- 
tered when trying to negotiate the circuitous path to the 
target area through the tortuous vascular anatomy. The 
greater the resistance, the more likely it is that a part of 
the vasculature will be damaged during the procedure. 

In one preferred method of use, the radiation source 
wire 50 also may be positioned within the guide wire 25 
concurrently with the inflation of the catheter balloon 41 , 
thereby greatly reducing the total time required for per- 
forming the dilatation procedure. In this method, the 
catheter 40 and the guide wire 25 are advanced and po- 
sitioned in the artery 34 in the conventional manner for 
a dilatation procedure. The proximal end 27 of the guide 
wire 25 is connected to an afterloader using the fastener 
33 or a similar connector. The radiation source wire 50 
is advanced by the computer-controlled afterloader Into 
the radiation source lumen 26 of the guide wire 25. Be- 
cause the distance from the proximal end 27 of the guide 
wire to the center of the balloon 41 is known, the radia- 
tion source wire 50 is advanced until the radioactive 
source material 51 is positioned within the balloon 41. 
At the same time the balloon is expanded to enlarge the 
stenosed region 35. the radioactive source material 51 
will be emitting radiation at a predetermined rate and 
dose level. The guide wire remains in position for the 
entire procedure, which greatly reduces the overall time 
of the procedure and avoids the complications associ- 
ated with the prior art devices. The radiation source wire 
50 can be withdrawn into the afterloader when the pre- 
determined dose level has been administered, which 
may be during or immediately after the dilatation proce- 
dure. It is contemplated that the guide wire can be used 
with the radiation source wire to irradiate the target area 
before the dilatation procedure, however, there is little 
data at present that would suggest that such a proce- 
dure would be beneficial. 



The guide wire also can be employed solely as a 
radioactive dose delivery means in situations that do not 
require the insertion of a catheter. In such situations, the 
guide wire 25 would act as a catheter, but with a much 
5 lower risk of damaging the body lumens and with much 
enhanced ease of inserting and navigating within the lu- 
mens. 

Referring to FIGS. 1 and 3-5, the radiation source 
has been illustrated as being in the form of a wire 50. It 

10 will be understood by those skilled in the art, however, 
that the guide wire 25 is equally well suited for use with 
radioactive source materials that are gases, liquids, or 
slurries of solid particles suspended in solution. This is 
possible due to the monolithic construction of the guide 

15 wire and the provision of the containing lumen 26. which 
minimizes the risk of leaks developing such that the ra- 
dioactive source materials can leak out or the blood can 
leak in to become contaminated. A guide wire thus can 
be fastened in a leak-proof manner to an afterloader and 

20 the afterloader then can evacuate the radiation source 
lumen 26 and discharge a radioactive liquid or gas into 
the guide wire 25 for a predetermined period of time. 
This method could necessitate the use of radiation 
shield 70 (FIG. 6) around the guide wire 25, to prevent 

25 irradiating healthy tissue or personnel in the catheteri- 
zation laboratory ("cath lab"). 

Referring to FIG. 6, an alternative embodiment of 
the invention is shown in which a guide wire 80 is formed 
of a radiopaque metal alloy at a proximal end section 

30 81, while distal end section 82 is formed of a polymer 
that is substantially transparent to radiation. The distal 
end section 82 can be attached to the proximal end sec- 
tion 81 by any suitable known means such as by adhe- 
sive bonding, laser welding, or the like. An annular bond 

35 83 at the juncture of the two guide wire sections 81 , 82 
• should ensure a secure connection. Likewise, the distal 
end section 82 Is securely attached to a solid core por- 
tion 84 of the guide wire 80 by an annular bond 90. As 
previously was described for other embodiments of the 

40 invention, the guide wire 80 includes a radiation source 
lumen 92 having an inner diameter that is adapted to 
receive a radiation source such as the radiation source 
wire 50. The distal end section 82, being formed from a 
radiation transparent polymer, will permit maximum ra- 

4S diation exposure to the target area 35, when the radia- 
tion source material 51 is positioned within the distal end 
section 82. The proximal end section 81 is formed from, 
for example, a stainless steel alloy or another conven- 
tional guide wire metal alloy which is radiopaque, so that 

50 as the radiation source material 51 is advanced through 
the guide wire 80, it will not penetrate the metal alloy of 
the proximal end section 81. The proximal end section 
81 thus protects the patient and the medical personnel 
from radiation exposure, while the distal end section 82 

55 selectively permits the radiation source material to emit 
radiation to the target area 35. As described, the radia- 
tion shield 70, in the form of a covering or jacket, can be 
applied to cover the proximal end section 81 to further 
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insure that no radiation, or that inconsequential announts 
of radiation, penetrate the proximal end section. The dis- 
tal end section 82 should have a length that is consistent 
with the length of the inflatable balloon of the catheter, 
typically 20 mm to 40 mm for most coronary applica- 5 
tions, but the length can vary depending on the particu- 
lar application. 

While there are numerous radioactive sources 
available for use with the described embodiments the 
following radioisotopes are preferred: Iridium 192; So- io 
dium 22; Scandium 46; Manganese 54; Yttrium 88; Ce- 
rium 139; Cerium 141; Strontium 85; Cobalt 57; Cobalt 
60; Cesium 134; Palladium 103; Gold 198; Niobium 95; 
Mercury 203; Iodine 1 25; and Iodine 1 31 . While gamma 
radiation is preferred, beta radiation also is contemplat- is 
ed, although it may not penetrate as well as gamma ra- 
diation through the guide wire. 

From the foregoing, it will be appreciated that em- 
bodiments of the present invention provide a guide wire 
for use in intravascular procedures that allows delivery 20 
of a radiation source without the use of a high profile, 
dual-lumen catheter and without exposing the radiation 
source to the blood stream, the embodiments further 
greatly reduce the time required for performing all intra- 
vascular procedures which incorporate radiation treat- 25 
ment of the affected area. Those skilled in the art will 
recognize that the invention is suitable for all types of 
catheters used with guide wires and may be used in a 
variety of body lumens. The present invention further 
advances the state of the art for intravascular proce- 30 
dures by offering versatility in the types of radioactive 
source materials that can be used, flexibility in the range 
of possible applications, and safety to the patient and 
attending medical staff. 

While particular embodiments of the invention have 35 
been illustrated and described, various modifications 
can be made without departing from the spirit of the in- 
vention, and all such modifications and equivalents are 
intended to be covered. 



Claims 

1 . An apparatus for positioning a radiation source in a 
body lumen, comprising: 

a guide wire (25. 80) having a proximal end 
(27). a distal end (29), and a radiation source 
lumen (26, 92) extending from the proximal end 
through the guide wire to a point near the distal so 
end; 

a solid core portion (30, 84 at the distal end (29) 

of the guide wire (25, 80); 

a flexible guide wire tip (31) at the distal end 

(29) of the guide wire (25, 80) for navigating ss 

through the body lumen; 

the radiation source lumen (26, 92) adapted to 

receive a radiation source (51 ) to be positioned 



proximate the distal end (29) of the guide wire 
(25. 80) with the solid core portion (30) defining 
the distal-most extent to which the radiation 
source (51) is advanced into the lumen. 

2. The apparatus of claim 1 , wherein the guide wire 
(25, 80) has radiopaque markers (42) formed ther- 
eon for viewing on a fluoroscope. 

3. An assembly for positioning a radiation dose within 
a body lumen, comprising: 

a guide wire (25, 80) having a proximal end 
(27), a distal end (29), and a radiation source 
lumen (26, 92) extending from the proximal end 
through the guide wire to a point proximate the 
distal end; 

a solid core portion (30, 84) proximate the distal 
end of the guide wire; 

a guide wire tip (31) on the distal end (29) of 
the guide wire for navigating through the body 
lumen; 

a catheter (40) having a guide wire lumen (43) 
extending through at least a portion thereof, the 
guide wire lumen sized for receiving the guide 
wire (25, 80); 

a radiation source material (51 ) received in the 
radiation source lumen (26, 92) and positioned 
proximate the distal end (29) of the guide wire 
(25, 80) with the solid core portion (30, 84) de- 
fining the most distal extent to which the radia- 
tion source material (51) can be inserted into 
the radiation source lumen; and 
a balloon (41) concentric about the catheter 
(40) and inflatable to contact the walls of the 
body lumen (34) and to center the catheter (40) 
and the radiation source material (51 ) within the 
body lumen. 

4. The assembly of claim 3, wherein the catheter guide 
wire lumen (43) and the guide wire (25, 80) are 
sized such that the guide wire is received concen- 
trically within the catheter guide wire lumen. 

5. The assembly of claim 4, wherein the guide wire 
(25, 80) has an outer diameter of approximately 
0.0254 to 0.051 mm (0.001 to 0.002 in. ) smaller 
than an inner diameter of the catheter guide wire 
lumen (43). 

6. The assembly of claim 3, wherein the catheter (40) 
is selected from the group comprising a rapid-ex- 
change-type catheter; an over-the-wire-type cathe- 
ter; and a perfusion-type catheter. 

7. The invention of claim 1 or claim 3, wherein the 
guide wire (25,80) is tapered, the guide wire proxi- 
mal end (27) having a larger outer diameter than 
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the outer diameter of the guide wire distal end (29). 

8. The invention of claim 1 or claim 3, wherein the 
guide wire (25,80) further comprises means for 
shielding (70) the body lumen (34) from the radia- 
tion emitted by the radiation source (51). 

9. The invention of claim 8, wherein the radiation 
shielding means (70) includes a metallic cover dis- 
posed around a portion of the guide wire (25,80). 

10. The assembly of claim 3, wherein the catheter (40) 
further comprises means for shielding (70) the body 
lumen (34) from the radiation emitted by the radia- 
tion source material (51). 

11. The assembly of claim 10, wherein the radiation 
shielding means (70) includes a metallic cover dis- 
posed around at least a portion of the catheter (40). 

12. The invention of claim 1 or claim 3, wherein the 
guide wire (25,80) has an outer diameter substan- 
tially in the range of 0.203 to 0.81 3 (0.008 to 0.032 
in.). 

13. The invention of claim 12, wherein the radiation 
source lumen (26,92) has an inner diameter sub- 
stantially in the range of 0.114 to 0.254 (0.0045 to 
0.010 in.). 

14. The invention of claim 13, wherein the ratio of the 
radiation source lumen (26,92) inner diameter to the 
guide wire (25,80) outer diameter is no greater than 

0.32. 

15. The invention of claim 1 or claim 3, wherein at least 
a portion (81) of the guide wire (25.80) is formed 
from a metal alloy selected from the group of metal 
alloys including stainless steel, nickel-titanium, tita- 
nium, tungsten, platinum, iron, cobalt, chromium, 
palladium and copper-beryllium. 

16. The Invention of claim 1 or claim 3, wherein at least 
a portion (82) of the guide wire (25,80) is formed 
from a flexible polymer material. 

17. The invention of claim 1 or claim 3, wherein the 
guide wire (25,80) includes a distal section (82) 
formed from a polymer material attached to a prox- 
imal section (81 ) formed from a metal alloy selected 
from the group of metal alloys including stainless 
steel, neckel-titanium, titanium, tungsten, platinum, 
iron, cobalt, chromium, palladium and copper-beryl- 
lium, 

18. The invention of claim 1 or claim 3, wherein the 
guide wire (25,80) is approximately 50 cm to 250 
cm long. 



19. The invention of claim 1 or claim 3, wherein the ra- 
diation source material (51) is formed from the 
group of radiation source materials including a ra- 
dioactive solid material, a radioactive liquid, a radi- 

5 oactive gas and a radioactive slurry. 

20. The invention of claim 19, wherein, when the radi- 
ation material (51) is formed from a solid material, 
the radiation source lumen is adapted to coaxialty 

70 receive the radiation source material (51 ) associat- 
ed with a radiation source wire (50). 

21. The invention of claim 19, wherein, when the radi- 
ation material (51) is formed from a solid material, 

IS the radiation source lumen (26,92) is adapted to re- 
ceive a radiation source wire (50) that is advanced 
within the radiation source lumen by a remote after- 
loader 

20 22. The invention of claim 21, wherein the guide wire 
distal end (29) is provided with a fastener (33) for 
connecting the guide wire to the afterloader. 

23. The invention of any of claims 20 to 22, wherein the 
25 radiation source wire (50) has an outer diameter ap- 
proximately 0.0254 to 0.051 (0.001 to 0.002 in.) 
smaller than the inner diameter of the radiation 
source lumen of the guide wire. 

30 24. The invention of claim or claim 3, wherein the radi- 
ation source material (51) comprises radioisotopes 
selected from the group of radioisotopes including 
Iridium 192, Sodium 22, Scandium 46, Manganese 
54, Yttrium 88, Cerium 139, Cerium 141, Strontium 

35 85, Cobalt 57, Cobalt 50, Cesium 134, Palladium 
103, Gold 198, Niobium 95, Mercury 203, Iodine 
125 and Iodine 131. 

25. A method for irradiating a portion of body tumen, the 
40 method comprising: 

providing an assembly having a catheter (40) 
with an expandable member (41 ) at a distal end 
thereof and a guide wire lumen (43 ) extending 

45 through at least a portion thereof, the guide wire 

(25, 80) lumen sized for receiving a guide wire 
therein, the guide wire having a proximal end 
(27). a distal end (29). and a radiation source 
lumen (26, 92) extending from the proximal end 

50 through the guide wire to a point proximate the 

distal end, and a solid core portion (30, 84) on 
the distal end of the guide wire; 
positioning the catheter and the guide wire in 
the body lumen (34); 

55 advancing the guide wire (25, 80) so that the 

guide wire distal end is positioned distal to a 
target area (35) in the body lumen (34); 
advancing the catheter (40) over the guide wire 
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(25. 80) so that the expandable member (41 ) is 
positioned within the target area (35) and inflat- 
ing the expandable member into contact with 
the body lumen (34); 

advancing a radiation source material (51 ) with- s 
In the radiation source lumen (26. 92) so that a 
radioactive isotope is positioned within the tar- 
get area; 

irradiating the target area (35) for a predeter- 
mined time and predetermined radiation dose io 
level; 

withdrawing the radiation source material (51) 
from the radiation source lumen (26, 92); and 
deflating the expandable member (41) and 
withdrawing the catheter (40) and guide wire is 
(25. 80) from the body lumen (34). 

26. The method of claim 25. wherein the step of provid- 
ing a catheter (40) includes any of a rapid-exchange 
catheter, an over-the-wire catheter, a fixed wire 20 
catheter, or a perfusion catheter. 

27. The method of claim 25. wherein the step of ad- 
vancing the radiation source material (51) includes 
advancing a radiation source wire (50) having a ra- 25 
diation source material associated with a distal end 
(52) of the wire so that, as the wire is advanced in 
the radiation source lumen, the radiation source 
material at the distal end of the wire will be posi- 
tioned within the target area (35). 30 

28. The method of claim 27, wherein the advancing 
step further comprises advancing the radiation 
source wire (50) using an afterloader and the with- 
drawing step further includes withdrawing the radi- 35 
at ion source wire using the afterloader. 
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